The objective of this study was to determine if a higher-fiber diet alters the response of finishing pigs to an antimicrobial (tylosin phosphate [TP]) and a nutrient partitioning agent (ractopamine HCl [RAC]) in terms of N and water utilization and energy digestibility. Seventy-two gilts (initial BW = 107.4 ± 4.2 kg) were blocked by weight and allotted to 1 of 8 dietary treatments. Treatments were arranged as a 2 × 2 × 2 factorial: distillers dried grains with solubles (DDGS; 0 vs. 30%), RAC (0 mg of RAC/kg and 0.70% standardized ileal digestible [SID] Lys vs. 5 mg of RAC/kg and 0.95% SID Lys) and TP (0 vs. 44 mg of TP/kg). Pig was the experimental unit, with 9 replications per treatment. Pigs were housed in individual metabolism crates and fed treatment diets for 17 d. Feed was provided twice daily, as much as the pigs could consume within 1 h per meal, and water was provided to the pigs between feeding periods, ad libitum. Fecal and urine collection occurred on d 7 and 8 and on d 15 and 16, for sampling periods 1 and 2, respectively. Pigs fed the DDGS diets had reduced ADG (P < 0.001) and ADFI (P < 0.0001). The apparent total tract digestibility (ATTD) of N and GE were lower for the 30% DDGS diets than the 0% DDGS diets (P < 0.0001). Ractopamine improved ADG (P < 0.0001), G:F (P < 0.0001), and N retention (P < 0.001) and tended to increase daily water intake (P < 0.10). Pigs fed RAC had higher N intake and urinary excretion and lower N retention in Period 2 than in Period 1 (P < 0.05), indicating a decline in the response to RAC over time. Tylosin phosphate did not affect ADFI or G:F but did improve ATTD of N (P < 0.05). There was a tendency for a TP × DDGS interaction (P < 0.10) for ADG, where TP tended to increase ADG in pigs fed 0% DDGS diets (P < 0.10) but not in pigs fed 30% DDGS diets (P > 0.10). Pigs fed DDGS diets had higher N intake (P < 0.01) and higher fecal (P < 0.0001) and urinary (P < 0.01) N excretion with no difference in N retention (g/d). Overall, RAC increased N retention by 33% (P < 0.0001) and the response to RAC was similar in both corn-soybean meal-based and corn-soybean meal-DDGS-based diets. Tylosin phosphate tended to improve growth performance in pigs fed corn-soybean meal-based diets but not in diets containing 30% DDGS; however, this response was not explained by changes in N balance or in energy digestibility.
INTRODUCTION
There is very limited information on the impact of ractopamine HCl (RAC) and tylosin phosphate (TP) when used in combination or on the effectiveness of RAC and TP when used in diets with higher dietary fiber content. Both additives are commonly used in the North American pig industry, but recent increases in the fiber content of practical diets raises questions about the response of pigs under this changing nutritional regime. Furthermore, whereas there have been numerous studies on the impact of distillers dried grains with solubles (DDGS) on growth performance (Stein and Shurson, 2009) , there is much less data on their impact on energy and water utilization.
Ractopamine HCl is a β-adrenergic agonist that repartitions nutrients away from adipose tissue and toward muscle, resulting in increased muscle mass (Mersmann, 1998) and slightly reduced lipid accretion (Webster et al., 2007) . Inclusion of RAC in finishing swine diets improves growth performance (Patience et al., 2009 ) and may improve water utilization (Ross et al., 2011) . Tylosin phosphate is a macrolide antibiotic that inhibits bacterial protein synthesis by binding to the bacterial ribosome (Corcoran et al., 1977) . It is used in swine diets to control diseases, such as ileitis (McOrist et al., 1997) and swine dysentery (Curtis, 1962) , and to improve growth performance (Jordan et al., 1960) . Energy and N utilization may be enhanced by TP (Roth and Kirchgessner, 1993) . The benefits of RAC and TP may be at least partially additive as their modes of action greatly differ.
The primary objective of this study was to evaluate the impact of corn fiber from DDGS on the pig's response to RAC and TP alone or in combination on N balance, water utilization, and energy digestibility. It is well established that the RAC-induced response in growth performance tends to decline over time (Schinckel et al., 2003) . Therefore, a secondary objective of this study was to determine if the affects of dietary treatment on N, water, and energy utilization change over time.
MATERIALS AND METHODS
All experimental procedures adhered to guidelines for the ethical and humane use of animals for research and were approved by the Iowa State University Institutional Animal Care and Use Committee (number 7-10-6989-S).
Dietary Treatments
Dietary treatments were arranged as a 2 × 2 × 2 factorial, with DDGS (0 and 30%; Dakota Gold BPX; Poet Biorefining, Hanlontown, IA), RAC (0 and 5 mg of RAC/kg; Paylean; Elanco Animal Health, Greenfield, IN), and TP (0 and 44 mg of TP/kg; Tylan; Elanco Animal Health) as the main factors. The DDGS used in this experiment contained 25.4% CP, 10.0% crude fat, and 24.6% NDF. Four basal diets (Table 1) were formulated to be isocaloric (ME basis) and were formulated to meet or exceed the nutrient requirements of finishing pigs (NRC, 1998) . The RAC diets were formulated to include an additional 0.25% standardized ileal digestible (SID) Lys (0.95 vs. 0.70% SID Lys) to support elevated RAC-induced protein accretion (Patience et al., 2009) . When Lys was increased, minimum ratios of AA to Lys were maintained so that as Lys increased, other limiting AA increased proportionately. Tylosin premix (Tylan 40; Elanco Animal Health) was added to each basal diet at a rate of 0.05% at the expense of corn. At this inclusion rate, the diets were supplemented with 44 mg tylosin as TP per kilogram of feed. Concentrations of TP and RAC were confirmed by a commercial laboratory (Covance Laboratory, Greenfield, IN). All diets contained 0.4% titanium dioxide (TiO 2 ) as an indigestible marker. 
Animals, Housing, and Experimental Design
The experiment was conducted in an environmentally controlled room at the Iowa State University Swine Nutrition Farm (IA). Twenty-four crossbred gilts (PIC 337 sires × C22 or C29 dams; Pig Improvement Company, Hendersonville, TN) were selected for each of 3 replicates; the 8 gilts with the smallest range in BW were selected for each of the 3 blocks within replicate. Within each block, pigs were randomly assigned to 1 of the 8 dietary treatments. In total, this experiment was replicated 3 times, providing 9 pigs per treatment or 72 gilts in total.
Pigs were housed in individual metabolism crates (0.8 by 2.1 m). Each crate had a fully slatted stainless steel floor and stainless steel feeder. Pigs were provided feed twice daily, as much as they could consume within two 1-h meals at 0700 and 1500 h. Feed was weighed before and after meals to determine ADFI. Water was presented to the pigs in the feeder between the feeding periods. Therefore, pigs had ad libitum access to water for 22 h per day. Trays were placed beneath feeders to collect any spilled water. Before the next feeding, the remaining water was removed from the feeders and the spillage trays and weighed to calculate daily water intake.
Gilts remained in the crates for a period of 21 d, including a 5-d acclimation period before experimental treatment. Pigs assigned to the TP treatments received 66 mg/L tylosin (Tylan Soluble; Elanco Animal Health) in the drinking water for the final 3 d of acclimation, to adhere to TP label directions. The pigs were placed on their assigned experimental diet (d 0; initial BW = 107.4 ± 4.18 kg) for a period of 16 d.
Sample Collection
A representative feed sample was obtained from each replicate and then pooled for each of the 8 diets. Each replicate period included 6 d of adaptation to treatment diets and 2 sampling periods. Fecal samples were collected twice daily on d 7 to 8 and d 15 to 16 of dietary treatment for sampling periods 1 and 2, respectively. Although great care was taken to collect all feces, digestibility of nutrients was based on the marker method (Oresanya et al., 2007) . Urine was collected quantitatively during each 48-h sampling period (d 7 to 8 and d 15 to 16) into 4-L bottles containing a sufficient amount of 6 N HCl to ensure the pH was maintained below 2 to minimize volatilization of nitrogen compounds. For each collection, total urine output was weighed and aliquots were taken and pooled per pig and collection period in a sealable container. All collected samples were immediately stored at -20°C.
Analytical Methods and Calculations
At the conclusion of each sampling period, frozen urine and fecal samples were thawed for 12 h at room temperature in sealed containers and mixed thoroughly within animal and sampling period. A subsample was collected and stored at -20°C. Fecal samples were oven dried at 75°C to a constant weight. Feed and fecal samples were finely ground through a 1-mm screen in a Wiley mill (model 3379-K35; Thomas Scientific, Swedesboro, NJ) before chemical analysis.
Feed, fecal, and urine samples were analyzed in duplicate at the Iowa State University Monogastric Nutrition Laboratory (Ames, IA). Dry matter content of feed and fecal samples was determined by drying samples in an oven at 105°C to a constant weight. Nitrogen in feed, fecal, and urine samples were measured by combustion (method 990.03; Horwitz and Latimer, 2005 ) using a Leco TruMac N determinator (Leco Corp., St. Joseph, MI). Calibration was conducted with an EDTA standard (N content 9.56 ± 0.03%; Leco Corp.). On analysis, the N content of the EDTA standard was 9.55 ± 0.05%. Gross energy was determined using a bomb calorimeter (model 6200; Parr Instrument Co., Moline, IL). Benzoic acid (6,318 kcal/kg; Parr Instruments) was used as the standard for calibration and was determined to be 6,321 ± 9 kcal/ kg. Titanium dioxide content of feed and fecal samples was determined using the method of Leone (1973) and absorption was measured at 410 nm using a spectrophotometer (Synergy 4; BioTek, Winooski, VT).
The apparent total tract digestibility (ATTD; %) of dietary components was calculated using the following equation (Oresanya et al., 2007) :
Statistical Analysis
The PROC UNIVARIATE procedure (SAS Inst. Inc., Cary, NC) was used to verify normality and homogeneity of variances of the variables, and all data were analyzed using the PROC MIXED procedure of SAS. Outliers were identified by box plot and by the predicted vs. residual plot procedure. The individual pig served as the experimental unit for all analyses. The model included the fixed effects of RAC, TP, DDGS, and all possible interactions and the random effects of replicate period. For N balance, water utilization, and digestibility data, sampling period was included as a fixed effect and the REPEATED state-ment was used to model the effect of sampling period using the individual pig as the subject from which repeated observations were recorded (Littell et al., 1998) . Differences among least squares means were separated using the PDIFF option of SAS with results considered significant if the P-value was <0.05 and trends if the P-value was ≥0.05 and <0.10.
RESULTS
Two pigs were removed from the experiment due to leg injuries (0 mg of RAC/kg, 0 mg of TP/kg, and 30% DDGS treatment and 5 mg of RAC/kg, 0 mg of TP/kg, and 0% DDGS treatment) and 1 pig was removed from the experiment due to a prolapsed rectum (0 mg of RAC/kg, 44 mg of TP/kg, and 0% DDGS treatment). There were no apparent relationships between these removals and dietary treatment. No other health issues or feed refusals were observed.
Growth Performance and Water Utilization
Ractopamine HCl increased ADG (P < 0.0001; Table 2 ) and G:F (P < 0.0001) but did not alter ADFI. There were no main effects of TP on ADG, ADFI, or G:F. Pigs fed diets containing 30% DDGS had reduced ADG (P < 0.001) and ADFI (P < 0.0001) with similar G:F as pigs fed 0% DDGS diets. There was a tendency (P < 0.10) for a TP × DDGS interaction for ADG, where TP tended to increase ADG in pigs fed 0% DDGS diets (1.34 vs. 1.24 kg/d; P < 0.10) but did not affect ADG in pigs fed 30% DDGS (1.14 vs. 1.17 kg/d).
Pigs fed RAC diets had higher water:feed ratios (P < 0.05) and tended (P < 0.10) to have higher average daily water intake for the 16-d experimental period than pigs fed diets without RAC. However, there was no effect (P > 0.10; Table 3 ) of RAC on water intake during the collection periods. There were no main effects (P > 0.10) of TP on water intake, water:feed, or water:gain. Pigs fed 30% DDGS diets had higher (P < 0.01) water:feed and water:gain (P < 0.05) ratios and fecal water excretion (P < 0.01) than pigs fed 0% 3 Water intake included drinking water consumption and diet moisture.
4 Apparent water retention = water intake -urinary water output -fecal water output. Respiratory water loss was not accounted for.
DDGS diets. There was a TP × DDGS interaction for overall average daily water intake (P < 0.05), where TP decreased water intake in pigs fed 30% DDGS diets (P < 0.05) but not in pigs fed 0% DDGS diets.
Water intake was similar (P > 0.10; Table 4 ) between Period 1 and 2; however, fecal (P < 0.05) and urinary (P < 0.001) water output were higher in Period 2 than in Period 1. There was a TP × DDGS × sampling period interaction (P < 0.05) for water intake during the water balance collection periods; water intake increased from Period 1 to Period 2 for pigs fed 0 mg/kg TP and cornsoybean meal diets (7.9 to 8.7 L/d) but did not change for any other TP × DDGS treatment combination.
Nitrogen Balance
Pigs fed RAC diets had increased (P < 0.0001; Table  5 ) N intake, N digestibility (P < 0.0001), and N retention (g/d; P < 0.0001; and % of intake; P < 0.001). On the other hand, TP inclusion improved (P < 0.05) ATTD of N but did not affect (P > 0.10) N intake, excretion, or retention. Pigs fed DDGS diets had decreased (P < 0.0001) ATTD of N and increased (P < 0.01) N intake, fecal N excretion (P < 0.0001), urinary N excretion (P < 0.01), and N retention (% of intake; P < 0.01), but DDGS inclusion did not affect N retention when expressed as grams per day. Nitrogen intake (P < 0.001; Table 6 ), urinary N excretion (P < 0.0001), and ATTD of N (P < 0.01) increased from Period 1 to Period 2, whereas N retention decreased (P = 0.01 and P < 0.0001 for g/d and % of intake, respectively).
A RAC × TP interaction was observed for N retention (g/d; Fig. 1 ) for Period 1 (P < 0.05) and for the combined data set (P < 0.05). From d 7 to 8, TP increased N retained (41.6 vs. 37.8 g/d; P < 0.05) in the 5 mg of RAC/kg diets but not in the 0 mg of RAC/kg diets (28.9 vs. 30.1 g/d; P > 0.10). In the combined data set, TP tended to increase N retained (39.6 vs. 37.3 g/d; P < 0.10) in the 5 mg of RAC/ kg diets but numerically decreased N retained in the 0 mg of RAC/kg diets (28.0 vs. 29.8 g/d; P > 0.10).
There were RAC × sampling period interactions for urinary N excretion (P < 0.01; Table 6 ) and for N retention (% of intake; P < 0.05). Urinary N excretion increased from Period 1 to Period 2 in pigs fed diets with RAC or without RAC, but the magnitude of the increase was greater in RAC-treated pigs. A RAC × period interaction was also observed. Nitrogen retention decreased from Period 1 to Period 2 in pigs fed diets with RAC or without RAC, but the magnitude of the decrease was greater in RAC-treated pigs.
Dry Matter and Energy Digestibility
There were no effects (P > 0.10; Table 7 ) of RAC on ATTD of DM or GE, but the RAC diets were higher TP × DDGS × period interaction, P = 0.04. Water intake increased from d 7 through 8 to d 15 through 16 for pigs fed 0 mg/kg TP and 0% DDGS diets (7.9 to 8.7 L/d) but did not significantly change for any other TP × DDGS treatment combination.
3 Apparent water retention = water intake -urinary water output -fecal water output. Respiratory water loss was not accounted for.
in determined DE (P < 0.0001) due to the higher dietary GE content. Tylosin phosphate did not affect (P > 0.10) ATTD of DM or GE; however, the TP diets tended to be lower in determined DE (P < 0.10). Diets containing 30% DDGS had lower (P < 0.0001) ATTD of DM and GE but were similar in determined DE content (P > 0.10). The ATTD of GE and the determined diet DE content was higher (P < 0.001; Table 8 ) for Period 2 than Period 1.
Similar RAC × TP × DDGS interactions (P < 0.01; Fig. 2) were observed for ATTD of DM and GE. For ATTD of DM, there were no differences (P > 0.10) among RAC and TP treatments within 0% DDGS diets; however, TP inclusion increased (P < 0.05) ATTD of DM in RAC diets but decreased ATTD of DM in diets without RAC within the 30% DDGS diets. For ATTD of GE, there were no affects (P > 0.10) of TP in the 0% DDGS; however, in the 30% DDGS diets, TP inclusion increased ATTD of GE in RAC diets but decreased ATTD of GE in diets without RAC (P < 0.05).
DISCUSSION

Distillers Dried Grains with Solubles
Somewhat surprisingly, pigs fed 30% DDGS diets had lower ADFI (12%) and ADG (12%) than pigs fed 0% DDGS diets. In a summary of 25 grow-finish experiments, Stein and Shurson (2009) showed that most studies found no change in ADG (72% of experiments) or ADFI (65% of experiments) with up to 30% DDGS inclusion. In the current experiment, the G:F ratio and the determined DE content of the 30% DDGS diets were similar to the 0% DDGS diets, so the reduction in performance was not likely due to nutrient inadequacies in the DDGS diets. The feeding regimen used in this study, where pigs were allowed to eat for 1-h periods twice per day, was chosen to ensure accurate collection of water intake data between feeding periods (Ross et al., 2011) . It is possible that the pigs fed the 30% DDGS were unable to achieve consumption equal to that of the 0% DDGS-fed pigs during this limited amount of time as a consequence of the greater bulk and fiber in these diets. Whittemore et al. (2002) reported that pigs fed high-bulk diets did not maintain intake and performance when feeder access was reduced from 24 to 6 h/d. This may be important to note when high-bulk ingredients are fed in commercial production settings where the feed intake capacity of the pigs may be limited by health or environmental factors (e.g., health challenge, heat stress, limited feeder space access).
As expected, N utilization and energy digestibility were lower in DDGS diets. The lower digestibility of nutrients and energy within the DDGS compared to corn and soybean meal is well is documented (NRC, 2012) and diets were formulated to account for these differences. However, traditional digestibility measurements may overestimate the feeding value of DDGS. During the DDGS drying process, lysine is sometimes destroyed or converted to compounds that cannot be utilized by the pig due to Maillard reactions (Pahm et al., 2009) . Maillard reaction end products may be either excreted in feces or absorbed and excreted in urine (Faist and Erbersdobler, 2001) . Also, higher concentrations of dietary fiber may reduce utilization of AA by increasing specific endogenous losses (Lenis et al., 1996) , which contribute to higher fecal N losses. Therefore, the SID concentration reported for corn DDGS may overstate their nutritive value, leading to overestimation of dietary available AA content.
Ractopamine Hydrochloride
Ractopamine increased growth rate and feed efficiency without altering feed intake. Numerous studies have reported similar responses in pigs fed the 5 mg/ kg dosage of RAC (Apple et al., 2007; Patience et al., 2009) . In the present study, RAC increased N retained by 33%, which is similar to the RAC-induced protein accretion improvement of 34% modeled by Schinckel et al. (2003) for the first 2 wk of RAC supplementation.
There was a RAC × sampling period interaction for N retention (% of intake; P < 0.05), where N retention decreased from Period 1 to Period 2 in pigs fed diets with RAC or without RAC, but the magnitude of the decrease was more pronounced in RAC-fed pigs. This response was largely driven by changes in urinary N excretion (RAC × sampling period interaction; P < 0.01). It is well established that the RAC-induced response in growth and feed efficiency declines over time (See et al., 2004; Williams et al., 1994) . This is thought to be due to downregulation or desensitization of the β-adrenergic receptors in the membranes of adipose and muscle tissue (Sainz et al., 1993; Spurlock et al., 1994) . Therefore, our results reported herein confirm previous findings and reaffirm the need to adopt specific practices to acknowledge this decline in N retention over time when using RAC in the field. Possible strategies would be to increase RAC concentration (i.e., step-up program) to extend the period in which RAC is most effective (Rikard-Bell et al., 2009; See et al., 2004) or to implement a phase feeding program reducing dietary AA later in the RAC feeding period to more closely meet the AA needs of the pigs.
Pigs fed RAC diets tended to have higher daily water intake than controls for the overall experimental period (P < 0.10). Ractopamine supplementation increases carcass lean and water content (Dunshea et al., Table 7 . Least squares means for the main effects of ractopamine HCl (RAC), 1 tylosin phosphate (TP), 1 and distillers dried grains with solubles (DDGS) on the apparent total tract digestibility (ATTD) of DM and GE in finishing gilts 3 ATTD, % = 100 -[100 × (DM or GE in feces/N in diet) × (TiO 2 in diet/TiO 2 in feces)] (Oresanya et al., 2007) .
4 RAC × TP interaction, P = 0.041.
5 RAC × TP × DDGS interaction, P = 0.009.
6 Determined DE content. 1993; Ross et al., 2011) ; therefore, it can be assumed that RAC-fed pigs would require more water to sustain the RAC-induced increase in protein and water deposition. Our results disagree with Ross et al. (2011) , who reported that pigs fed 5 and 10 mg of RAC/kg actually consumed 0.4 and 1.0 L less water per day than controls.
Tylosin Phosphate
Tylosin phosphate tended to increase ADG in pigs fed 0% DDGS diets (P < 0.10) but did not affect ADG in pigs fed 30% DDGS diets (P > 0.10). The use of TP as an antibiotic feed additive to enhance production performance has been widely demonstrated in growing swine; however, much of the research on TP was conducted feeding corn-soybean meal-based diets. Hays (1979) summarized over 20 experiments and reported that TP improved ADG by 10.9 and 4.6% and feed efficiency by 4.2 and 1.5% in the grower and finisher phases, respectively. These whole-animal responses may be explained by several possible modes of action: 1) inhibition of subclinical infections, 2) reduction of growthdepressing microbial metabolites, 3) suppressed microbial degradation of nutrients before absorption, and 4) enhanced uptake and use of nutrients through the thinner intestinal wall associated with antibiotic-fed animals (Gaskins et al., 2002) . These possible modes are supported by beneficial shifts in the microflora in the gastrointestinal tract that occur during dietary TP supplementation (Collier et al., 2003; Kim et al., 2012) .
A TP × RAC interaction was observed for N retention (g/d; P < 0.05) for Period 1, where TP enhanced N retention in RAC-fed pigs but not in pigs fed diets without RAC. Due to the quite different modes of actions of TP and RAC, we hypothesized that the effects of TP and RAC may be additive. However, this response was not present in Period 2 (P > 0.10), so it is unclear if this response is of biological significance.
The general lack of TP main effects in this experiment could be due to pig health and the environment in which the research was conducted. Pigs used in this study had a high health status and were individually housed in metabolism cages, which were cleaned frequently to facilitate fresh fecal sample collections. This likely resulted in a low incidence of pathogen exposure. Several authors have reported a lack of a response to subtherapeutic levels of antibiotics, including TP, in high health status pigs (Pilcher et al., 2013; Van Lunen, 2003) . Future nutrient utilization research involving TP and other antimicrobial agents may need to be conducted under environmental and health conditions similar to those experienced in commercial practice. This will be difficult to achieve, because collection of urine and feces separately requires use of metabolism crates, which, by design, typically offer little social or disease stress.
Conclusions
Ractopamine HCl improved growth performance and N retention and tended to increase water intake. The N retention response to RAC declined over time. Tylosin phosphate tended to increase ADG in pigs fed corn-soybean meal-based diets but not in pigs fed diets containing 30% DDGS, but this response was not accompanied by changes in N balance or energy digestibility. Diets containing 30% DDGS result in lower N and energy digestibility, even when formulated to equivalency. Under the conditions of this experiment, DDGS inclusion reduced feed intake and growth performance. However, in general, RAC improved performance and N utilization similarly in both corn-soybean meal-based and corn-soybean meal-DDGS-based diets.
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